Introduction and Sumtmnary
In view of the fact I have long been interested in the electron-atom impact ionization problem, and have published several papers on it over the years, 2 I would like in this talk to review only the most salient aspects of my work, which has only recently culminated with what I believe is a derivation of the correct threshold law.3 By way of introduction let me emphasize that because the problem deals with three separating charged particles at the lowest energy at which they can escape from one another, this is the most basic three-body problem in the continuum involving Coulomb (i.e., long-range) forces. At the same time it also involves quantum mechanics in a very fundamental way, in my opinion.
What I would like to do here is to emphasize, schematically through a series of figures, aspects of my approach --the Coulomb-dipole theory --which I did not dwell upon in my most recent articles2-5 including also the positron-atom impact ionization problem6 and two-electron photodetachment of H-.
The latter has particular relevance for this conference in view of the fact that the newest experiment8 involves the accelerator (LAMPF) in a basic way.
Outline of Derivation
We are concerned with an electron of energy kj2 (in Rydberg units, throughout) impinging on a neutral atom, which we shall take without loss of generality (as we shall see) as hydrogen. In Figure 1 , I have outlined the basic mathematical quantities that one must deal with starting with yield of positive residual ions which is (one half) the number of the outgoing electrons integrated over all momenta subject only to the conservation of 4 Precis of derivation of threshold law.
In spite of that it turns out that the analytical dependence on energy of the matrix element)L can be deduced to lowest order; and that defines the ,lo.b) threshold law, summarized in the next figure (4). In Fig. 3 note first that the parameter R is pictured as the distance from the nucleus at which the inner electron's path becomes a straight line. For r2 < R, where the classical path is curving rapidly, remembering that quantum mechanical particles are really charge clouds, we might expect that the inner electron shields the nucleus even more effectively than a classical description would suggest. This then is the origin of the lower limit on the integral in Figure 4 . More details of the analytic evaluation are given in Ref. 2, but the net result is the threshold law given in the middle of the figure. The result is of interest from many points of view: mathematically not only is:2 not a pure power law in E, but by virtue of the factors multiplying E, it is doubly non-analytic (in the complex variable sense) as a function of E. Nevertheless, both Z (E) and its first derivative are zero at threshold, and the modulating factor whose sinusoidal part oscillates infinitely rapidly as E + 0 will not prevent Z (E) from increasing monotonically (and one can argue cogently that that must be so2) providing [a(R)1F1 is small enough; it is gratifying that the estimate of R described at the bottom of Figure 4 It turns out7 that this effect can be calculated.
The analysis is summarized in Figure 6 , but in view of the modification of the new threshold law,3 the formula we derived in Ref. 7 must be slightly modified to read as given in robs in Figure 6 , where f(s) is a function of a which can be evaluated. 7 The original correction7 is here modified such that O?corr is finite, as it must be in the limit E > 0. We now find that the blackbody correction term is negligible only for E > 10-3 eV, using room temperature and parameters of the LAMPF experiment.11 That is a factor ten larger than our original estimate7 based on the modulated linear threshold; and it implies that the blackbody correction is already on the verge of observability' Question: validity of the quasi-ergodic hypothesis? Fig. 7 Aspects of the e -atom (vs. e=atom) threshold.
In Figure 7 you see in a very pictorial way that corresponding to the two final state configurations for threshold electron impact ionization that we have discussed above, there are two regions for positron impact ionization: Coulomb-dipole and continuum positronium formation mechanisms. The differences from the respective electron configurations are the result of the attraction rather than repulsion between the two outgoing leptons. In particular the "formation of positronium in the continuum" is the clear analogue of "charge exchange into the continuum," which is now well established in heavy particle ion-atom impact ionization. 17 We have argued that the positron threshold is determined by the Coulombdipole mechanism and will give rise to the same form of threshold law,6 because again the slow electron is much closer to the nucleus than it is to the more distant positron. The only difference from the corresponding electron impact case is that the electron emerges on the same side as the positron, but other than that the angular dependence (on "r. r2 is expected also to be weak.6 In contrast, continuum positronium formation is the geometrical inverse of the Wannier mechanism, and I believe the threshold law for it corresponds to the one recently worked out by Klar.18 As seen in Fig. 7 
